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A method for the p r e p a r a t i o n  of a - (3- indoly l )  al iphat ic  acids ,  including those containing func-  
t ional groups (COOH, C--=-N), which is based  on alkylat ion of N-ca rbomethoxy-3 - indo ly lcyano-  
ace t ic  e s t e r ,  was developed. 

Der iva t ives  of a ry l  al iphat ic  acids of the ArCH(R)COOH type consti tute an impor tan t  group of p h a r -  
maceu t ica l  p repa ra t ions  that have cholinolytic act ivi ty  [2]. 

The i r  indole analogs have not been studied due to the lack  of a general  method for  thei r  p repara t ion .  
A method for  the p r e p a r a t i o n  of a ry l  al iphatic  acids was based  on alkylat ion of a ry lace ton i t r i l e s  with halo 
der iva t ives ,  mos t  often in the p r e s e n c e  of an alkal i  meta l  amide.  A disadvantage of this method is the fo r -  
mat ion of a mix tu re  of mono-  and dialkylatton products .  This obstacle  can be ove rcome  to a considerable  
extent by the use  of "ex t rac t ive"  alkylat ion [3]. However ,  the extension of this method to the indole s e r i e s  is 
compl ica ted  by the poss ib i l i ty  of the fo rmat ion  of N-alkyla t ion products .  

The introduction of a ca rbomethoxy  group into the side chain of indolylacetoni t r i le  cons iderably  fac i l -  
i tates alkylat ion of the side chain, and alkylation occurs  even in alcohol solution in the p r e sence  of sodium 
alkoxide,  i .e . ,  under conditions where  n i t rogen alkylat ion is not observed.  Alkylation of N-ca rbomethoxy-  
3- indolylcyanoacet ic  e s t e r  (I), which we have p rev ious ly  obtained, makes  it poss ib le  to avoid the fo rmat ion  
of di-  and N-alkyla t ion produc ts .  Cyanoacetic e s t e r  I is r ead i ly  a lkylated by p r i m a r y h a l o  der iva t ives  of 
var ious  types  (R =alkyl ,  al lyl ,  and benzyl) to give ~ - c y a n o - a - ( 3 - i n d o l y l )  a l iphat ic  acid e s t e r s  I Ia-d.  It  
should be noted that  spl i t t ing out of the ca rbomethoxy  group f r o m  the ni t rogen of the indole r ing occurs  dur-  
ing the reac t ion .  
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The mild alkylation conditions make it poss ib le  to obtain a - c y a n o - a - ( 3 - i n d o l y l )  al iphatic acid e s t e r s  
containing functional groups,  for  example ,  ca rbomethoxy  and ni t r i le  der iva t ives  IIe and IK. Hydrolys is  and 
decarboxyla t ion  of e s t e r s  II  makes  it poss ib le  to conver t  them to n i t r i les  (IV) of a - (3- indoly l )  al iphatic  
acids and to pass  f r o m  them to the acids  t h e m s e l v e s  (V). 

Thus alkylat ion of eyanoacet ic  e s t e r  I is a convenient genera l  method for the p repa ra t ion  of a - ( 3 - i n -  
dolyl) a l iphat ic  acids.  

*See [1] for  communica t ion  CVI. 
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E XPERIME NTA L 

The IR spectra of mineral oil suspensions of the compounds were recorded with UR-10 or UR-20 

spectrometers. The UV spectra of ethanol solutions were recorded with a Specord spectrophotometer. The 

spectra were recorded with a JNM-4H-100 spectrometer on the ~ scale with tetramethylsi!ane as the in- 

ternal standard. 

Methyl ~-C.yano-~-(3-indolyl)propionate (l-m): A 2.72-g (0.010 mole) sample of cyanoacetic es ter  I 
was added to a hot solution of sodium methoxide obtained f rom 0.3 g (0.013 mole) of Na and 15 ml of meth-  
anol, after which 1.7 g (0.012 mole) of methyl iodide was added dropwise, and the mixture was heated with 
s t i r r ing  for 30 rain. It was then cooled, the methanol was removed  by vacuum distillation, 50 ml of water  
was added, and the product  was extracted with three 50-ml portions of ether.  The extract  was washed with 
three 50-ml portions of water and dried with anhydrous MgSO 4. The ether was then removed  by distillation, 
and the res idue was r ec rys t a l l i zed  f rom aqueous methanol to give 1.8 g (83%) of es ter  IIa with mp 160-162 ~ 
Found: C 68.5; H 5.3; N 12.4%, ClaH12N202. Calculated: C 68.5; H 5.3; N 12.3%. LR spect rum:  1725 ( C =  
O), 2260 (C-=N), and 3400 cm -1 (NH). UV spec t rum,  Xma x (log ~): 217 (4.60); 270 (3.86); 278 (3.86); 287 
nm (3.81). PMR spec t rum (in CDCla): s* 2.14 (CH3) , s 3.88 (C-O-CH3) ,  and s 8.62 (NH). 

,Methyl a -Cyano-~- (3 - indo ly l )bu tyra te  (IIb). This compound was s imi la r ly  obtained f rom 2.72 g 
(0.010 mole) of cyanoacetic es ter  I, 0.3 g (0.013 mole) of Na in 50 ml of methanol, and 1.9 g (0.012 mole) of 
ethyl iodide. The yield of es te r  IIb, with mp 87-89 ~ was 1.4 g (58%). Found: C 69.1; H 5.8; N 11.3%. 
Ct4HI4N202. Calculated: C 69.4; H 5.8; N 11.6%. IR spect rum:  1740 (C = O), 2260 (C - N), 3400 cm -I  (NH). 
UV spect rum,  h m a x  (log e): 217 (4.58); 270 (3.83); 278 (3.83), 287 nm (3.80). PMR spect rum (in CDCI3): t 
1.14 (CH2CH3), m 2.46 (CH2CH3) , s 3.80 (CO-OCH3) , and s 8.60 (NH). 

Methyl a -  Cyano- c~- (3-indolyl)penten-4-oate (IIc). This compound was s imilar ly obtained f rom 2.72 
g (0.010 mole) of cyanoaeetic es te r  I, 0.3 g (0.013 mole) of Na in 15 ml of methanol, and 1.45 g (0.012 mole) 
of allyl bromide.  The yield of es ter  IIc, with mp 88-90 ~ was 1.7 g (67%). Found: C 70.8; H 5.6; N 10.9%. 
CIsH14N202. Calculated: C 70.8; H 5.5; N 11.0%. LR spec t rum:  1650 (C=C), 1725 (C=O), 2255 (C=N),3400 
cm -1 (~NH). UV spect rum,  )~max (log ~): 217 (4.60); 270 (3.85); 278 (3.85); 287 nm (3.82). PMR spect rum 
(in CDC13): m 3.48 (CH2CH = CH2) , s 3.88 (CO-OCH3) , m 5.44 (CH2CH = CH2) , m 6.0 (CH2CH = CH2) , and s 
8.62 (NH). 

Methyl ~ ,T-Dicyano-~- (3- indoly l )butyra te  (IIf). This compound was s imi la r ly  obtained f rom 2.72 g 
(0.010 mole) of cyanoacetic es te r  I, 0.3 g (0.013 mole) of Na in 15 ml of methanol, and 1.6 g (0.012 mole) of 
f i -bromopropioni t r i le .  The yield of es te r  IIf, with mp 111-113 ~ was 1.6 g (60%). Found: C 67.4; H 5.0; 
N 15.8%. CI~HIuNaO 2. Calculated: C 67.4; H 4.9; N 15.7%. IR spec t rum:  1755 (C=O); 2260 (shoulder) ( C -  
N), 2270 ( C - N ) ,  3360 cm -1 (NH). UV spec t rum,  ) 'max (log g): 217 (4.67); 270 (3.93); 278 (3.93); 287 nm 
(3.90). PMR spec t rum (in CDCla): t 2.50 (CH2CH2CN) , t 2.80 (CH2CH2CN) , s 3.80 (COOCHa) , and s 8.80 
(NH). 

Methyl ~-Cyano-~-(3- indoly l ) - f l -phenylpropionate  (lid). A 2.72-g (0.010 mole) sample of cyanoacetic 
es ter  I was added with s t i r r ing  to a hot solution of sodium methoxide obtained f rom 0.3 g (0.013 mole) of 
Na in 20 ml of methanol, after  which 1.52 g (0.012 mole) of benzyl chloride was added with s t i r r ing  and 
heating, and the mixture was s t i r r ed  and heated for 30 rain. It was then cooled, and the resul t ing p rec ip -  
itate was removed by fi l t rat ion and washed with a small  amount of aqueous methanol (1 : 1) and ether to 
give 2.4 g (79%) of es ter  IId with mp 156-158 ~ (from aqueous methanol). Found: C 74.5; H 5.4; N 9.0%. 

*Here and subsequently,  s is singlet,  t is tr iplet ,  q is quartet ,  and m is multiplet. 
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C19H16N202. Calculated: C 75.0; H 5.3 ; N 9.2%. IR spectrum: 1725 (C = O), 2250 (C - iN), 3360 cm -1 (NH). UV 
spect rum,  ~-max, (loge): 217 (4.64); 270 (3.86); 278 (3.86); 287 nm (3.83). PMR spect rum (in CDC13): 
q 3.70 (CH2C6tts) , s 3.70 (CO-OCH3) , and s 8.45 (Nil). 

Dimethyl ~ -  Cyano-~-  (3"indolyl)succinate (fie)__ The method used to p repare  IId was used to obtain 
this compound f rom 2.72 g (0.010 mole) of cyanoacetic es te r  I, 0.3 g (0.013 mole) of Na in 20 ml of meth-  
anol, and 1.85 g (0.012 mole) of methyl bromoaceta te .  The yield of IIe, with mp 177-178 ~ (from methanol), 
was 2.3 g (81%). Found: C 63.0; H 5.0; N 9.8%. C15H14N204. Calculated: C 63.0; H 4.9; N 9.8%. IR spec-  
t rum:  1725, 1740 (C=O), 2260 ( C - N ) ,  3440 cm -1 (N-l-I). UV spec t rum,  ~max  (log e):  217 (4.46); 270 (3.76); 
278 (3.76); 287 nm (3.71). 

~-Cyano-~- (3- indoly l )oropionic  Acid ffiIa). A solution of 1.4 g (0.025 mole) of KOH in 5 ml of water 
was added to 2.3 g (0.010 mole) of es te r  IIa in 10 ml of methanol, and the mixture was s t i r r ed  at r o o m  t em-  
pe ra tu re  for 2 h. It was then cooled, acidified with concentrated HC1, and extracted with three 50-ml p o r -  
tions of ether.  The ether ext rac t  was washed with three 50-ml portions of sa tura ted  NaC1 solution anddr ied  
with anhydrous  MgSO 4. The ether  was then removed  by distillation to give 1.5 g (70%) of acid IIIa as a col-  
o r l e ss  oily liquid. Acid Iria was charac te r i zed  in the fo rm of the S-bcnzylthiuronium salt with mp 185-186 ~ 
(dec., f r o m  aqueous methanol). Found: C 63.0; H 5.5; N 14.8%. C20H20N402S. Calculated: C 63.1; H 5.3; 
N 14.8%. 

~-Cyano-~- (3- indoly l ) - f i -phenylpropionic  Acid (IIIb). A solution of 1.4 g (0.025 mole) of KOH in 5 
ml of water  was added to 3.0 g (0.01 mole) of es te r  rid in 10 of methanol, after  which the mixture was r e -  
fluxed for 15 rain. It was then cooled and acidified with 8 ml of concentrated HC1. When the mixture was 
s t i r red ,  acid IIIb precipi tated;  it was removed  by fil tration, washed with water ,  and dried at room t emper -  
ature to give 2.6 g (90%) of acid IIIb. Recrys ta l l iza t ion  f rom b e n z e n e - p e t r o l e u m  ether gave a product with 
mp 125-127 ~ (dec., loss of benzene) that contained crysta l l iza t ion benzene; rap 185-187 ~ (dec., decarboxyla-  
tion). Found: C 78.6; H 5.6; N 7.5%. C18HI4N202 �9 C6H 6. Calculated: C 78.2; H 5.4; N 7.6%. LR spect rum:  
1715, 1730 (C=O), 2260 (C~N),  2500-2700 (COOH), 3430 cm -1 ('NH). 

a- (3-Indolyl ) - f l -ohenylpropionylni t r i le  (IV). A 2.9-g (0.01 mole) sample of acid IIIb was decarboxyla-  
ted in a tes t  tube in a gentle s t r e a m  of argon by immers ion  in a metal  bath at 220-230 ~ for 15-20 rain. The 
product  was cooled and purif ied by pass ing through a 1 by 15 cm column containing A1203 by elation with 
benzene -e thano l  (10 : 1). The solvent  was removed  f rom the eluate in vacuo to give 2 g (81%) of nitri le IV 
as a sl ightly yellowish, uncrystal l izable,  very  viscous mass .  Nitrile IV was charac te r ized  as the picrate  
with mp 155-156 ~ (orange needles f r o m  e thano l -e the r ) .  Found: C 58.0; H 3.8; N14.7%. C17H14N2. C6H3N307. 
Calculated: C 58.0; H 3.6; N 14.8%. 

~-(3-Indolyl) - f l -phenylpropionic  Acid (V). Crude nitri le IV f rom the decarboxylation of 2.9 g (0.01 
mole) of acid IIl-b was dissolved in 5 ml of ethylene glycol, and the solution was t r an s f e r r ed  to a 50~znl flask; 
the test  tube was r insed  out with another 5 ml of ethylene glycol, and the r inse  was added to the flask. A 
1.5-g (0.027 mole) sample  of KOH was added, and the mixture was refluxed on a metal bath at a bath t em-  
pera tu re  of 180-185 ~ for 3-4 h until ammonia evolution ceased. The mixture was then cooled, 80 ml of wa-  
ter  was added, and the mixture was washed with two 30-ml port ions of ether.  The aqueous layer  was acid-  
ified with concentrated HCLand extracted with two 100-ml port ions of ether.  The ether ex t r ac t s  were 
washed with two 100-ml portions of water and dried with anhydrous MgSO 4. The ether was removed  by dis-  
ti l lation to give 1.6 g (60%) of acid V with mp 157-159 ~ (from aqueous methanol). Found: C 77.1; H 5.8; 
N 5.1%. C17H15NO 2. Calculated: C 77.0; H 5.7; N 5.3%. IR spec t rum:  1710 (C =O), 2500-2800 (COOH), 
3400 cm -1 (NH). UV spec t rum,  k m a  x (log e):  223 (4.59); 283 (3.90); 290 nm (3.65). PMR spec t rum (in 
CDCI~): q 3.25, q 3.58 (CH2C6H 5) t 4.30 (CHCOOH), and s 8.25 (NH). 
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